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(54) Method and apparatus for determining the distortion angles on moving fabrics or the like 



(57) The present invention concerns a method and 
an apparatus for determining the distortion angles of a 
moving textile fabric, cloth or the like. 

Method consisting of forming a real image of the 
textile, fabric or cloth, illuminated by at least one light 
source, sampling the said image to form images of suc- 
cessive rectangularly shaped areas, transverse to the 
moving direction of the textile, fabric or cloth digitizing 
and storing the corresponding image signals, dividing 



the said images into rectangular shaped tiles, perform- 
ing then weft texture modellization and local distortion 
angles estimation by way of bi-dimensional image trans- 
formation of at least part of the aforesaid tiles and deter- 
mining the global distortion angles of the textile fabric by 
weighting the local distortion angles estimated on each 
said tile taken into account. 
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Description 

The present invention concerns detecting, locating and estimating faults in a moving structure, more particularly a 
continuous web structure like textile, and discloses a method and an apparatus for determining the distortion angles of 
5 a moving textile, either a woven or knitted or tufted textile fabric. 

Weft and end yarns of woven fabric, at loom output machine, have a particular property, they are perpendicular. 
However, during finishing processes, this orthogonality is destroyed leading to textile distortion. The same phenomenon 
does also appear with knitted or tufted fabrics. 

Nevertheless, textile manufacturers have to respect limits of distortions. Moreover as these limits are standardized, 
10 robotic machines called automatic straightners are used, for which distortion angles are the measurement parameters. 

With reference to figure 1 of the accompanying drawings, the definition of the distortion angles of a textile is clearly 
depicted. The represented perspective view shows a cloth 1, moving in the direction indicated by 3, which has in this 
example a so-called garland weft distortion 2. The angles Oq and a b are the so-called skew angle distortion and bow 
angle distortion respectively. 

75 The principle of measurement of ag and 5% which is applied at present by all manufacturers of automatic straight- 
ners, consists to position several local detectors across the fabric width. A practical example of such an arrangement is 
given in figure 1 , where an array of detectors 8 is shown. Once local weft distortion angles of which one example is indi- 
cated by ai are determined, and 05 are computed by using following equations: 

20 N 

/=1 

^ N/2 1 N 

/=1 /=N/2+1 

= sign A | n - |A| | 

30 where a; is the local distortion angle, whose value is determined locally by each of the detectors respectively and N is 
the total number of detectors (4 in the example of figure 1) 

This known principle of measurement using local detectors has two main drawbacks. 

The first one is due to the fact that each detector estimates the local distortion angle Oj only on a small part of the 
fabric width (about 20 mm). It is easy to understand that if the distortion of the textile is irregular, for instance like a wave 
35 or snake form or a garland one, as depicted by 2 in figure 1 , the estimation of the distortion angles is biased and can 
be completely erroneous. 

Indeed, the measurement depends basically on the position and on the total number of the detectors. As textile dis- 
tortions are in general of great variability, this dependency leads to problems and to a lack of reliability. 

From the technical point of view, if one considers the fill factor which is defined by the ratio of detection width upon 
40 cloth width, it has to be noted that for a 1600 mm cloth width and using four detectors (which is usual), with for example 
20 mm detection length each, the fill factor is only 0,05, and the results of the measurement made under such circum- 
stances cannot provide accurate and reliable indications of the status of the whole textile fabric. 

The second main drawback is connected with the structure and the constitution of the detectors used which are 
generally based on oscillating (or rotating) photodiodes involving mechanical elements which abrasion and wearing 
45 may lead to wrong measurements and needs constant maintenance. 

The same problems raise on systems based on nuclear magnetic resonance techniques, in which certain parts of 
the detection heads are mechanically driven. 

To remedy this last kind of problem, it has been proposed a system which employs at least one CCD linear array 
(charge coupled device) and which is described in DE 37 1 7305. 
so Beyond the fact that this last device is a local detector (length of measurement being less or equal to the length of 
the CCD array), when using one CCD, it must be noted that the method is parametric because it is based on a direct 
trigonometric formulation. 

Moreover, mathematical difficulties are to be expected (depending on the position of the weft) which can be practi- 
cally insurmountable. Thus two linear CCD (or matrix array) are proposed for each detector, which increases the costs 
55 of such a system, with solving the aforesaid problems. 

Another system, although not directly related to distortion angle measurement, has also been developed using a 
CCD matrix camera with a stroboscope infrared light source. To obtain the local distortion angle, the cross correlation 
between two vertical lines is performed. 
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But this system too is comprised of one or several local detectors which have very small view fields and can only 
provide reliable fragmentary results. 

Therefore, from a structural point of view, all the systems of the prior art described herebefore are based upon 
using a limited number of physical local detectors, leading to the limitations and the problems cited. 
5 From a processing point of view, all these existing systems, not only these employing oscillating photo diode or 
shunt coil sensor but also the ones using video sensors, involve processing techniques which are basically mono- 
dimensional. Due to this particular character, estimation of local distortion angle may be, itself, also biased especially 
when the textile texture has a complex weave, leading to other types of problems. 

It is one of the main objects of the present invention to overcome in particular all the aforementioned limitations and 
70 drawbacks. 

Therefore and according to the present invention, there is provided a method for determining the distortion angles 
of a moving textile fabric, cloth or the like, characterized in that it consists of forming a real image of the textile, fabric or 
cloth, illuminated by at least one light source, sampling the said image to form images of successive rectangular shaped 
areas, transverse to the moving direction of the textile fabric, cloth or the like digitizing and storing the corresponding 
15 image signals, dividing the said images into rectangular shaped tiles, performing then weft texture modelling and local 
distortion angles estimation by way of a bi-dimensional image transformation of at least part of the aforesaid tiles and 
determining the global distortion angles of the textile fabric by weighting the local distortion angles estimated for each 
said tile taken into account. 

The said tiles may be regularly distributed over the whole width of the textile fabric. They can even be adjacent one 
20 to another, and form together a continuous image of a transverse rectangular area of the cloth, fabric or the like. 

But the said tiles may also be irregularly distributed across the width of the cloth or fabric and may be closer 
together, possibly adjacent, in predetermined transverse positions corresponding to longitudinal areas of the cloth or 
fabric where greater or particular distortions are expected. 

In order to facilitate the image transformation and to increase the quality of the results, an image enhancement is 
25 advantageously performed prior to texture modelling, in form of a line convolution, a Laplacian or high pass spatial fre- 
quency filtering. 

A better efficiency in treatment and real time working can be achieved by providing that during local angle estima- 
tion and computing global distortion angles of one rectangularly shaped transverse extending area of the fabric or cloth, 
the image of the following adjacent similar rectangular shaped area of the cloth or fabric is sampled, digitized and 
30 stored. 

According to a first embodiment of the invention the used image transformation, for each tile, consists of a spectral 
transformation, the local distortion angles being estimated by a regression of first order, possibly after a spatial fre- 
quency filtering. In this case, after a possible image enhancement processing, a bi-dimensional power spectrum by 
ways of a bi-dimensional spectral transformation is obtained and the points representing the weft texture are linked to 

35 the center of the referential using line regression, in order to define the local distortion angle, the spectral transformation 
being preferably a bi-dimensional Fourier transform. 

According to a second embodiment of the invention, the used image transformation, for each tile, consists of a spa- 
tial polar transformation, the local distortion angles being estimated in the spatial polar domain by a maximum or bary- 
center computation, preferably after cascade frequency filtering. In this case, after a possible image enhancement 

40 processing, the spatial position of the weft structure, in each tile, is extracted using a line detector, by integrating the 
grey levels along half scan lines with different orientations (8i) within an angular region whose angle is (y), and then 
forming a texture signal consisting of the different average grey levels for each orientation (8i) and defining the envelope 
and/or the variance of this signal together with the corresponding maximum or barycenter which indicates the position 
of the weft texture on the considered tile. Preferably, the integration of the aforesaid grey levels and the forming of the 

45 texture signal is worked out using an adapted Hough transformation, the envelope of the texture signal being sampled 
using a differential low pass digital filter, before determining the barycenter by computation in the spectral domain. 

According to a supplemental feature of the invention, a counting of the maxima of the signal amplitude in the length 
direction across the whole width of the fabric or cloth, or comprised within a predetermined transverse length, is per- 
formed, for instance by filtering the aforesaid texture signal by a high pass digital filter and then passing the filtered sig- 

so nal through a period counter, thereby enabling the determination of the picks or the yarns per unit of length of the textile 
fabric or cloth. 

In order to be able to perform the same accuracy in measurement whatever the circumstances of running of the 
fabric or cloth are, a constant resolution may be maintained in the vertical or running direction of the textile fabric or 
cloth, indepedently of the speed of movement of the textile, by using a space or length measuring encoder. 
55 The present invention also concerns an apparatus for the working of the method described herein before, charac- 
terized in that it is mainly comprised of lighting means to illuminate the textile fabric or the like, at least one optical sys- 
tem which forms an image of the textile fabric or the like, at least one light sensitive sensor to sample the said image(s) 
and to form images of successive transverse rectangular areas of said textile fabric or the like, an analog-to-digital con- 
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verier for digiting the output signals of said light sensitive sensors and a vision computer or the like, equiped with a 
frame memory in which the digitized image(s) is stored and processed by a processor unit. 

For realising real time processing and forwarding corresponding results, the vision computer incorporates advan- 
tageously digital signal processors, preferably arranged in parallel structure. 
5 Furthermore, the used light sensitive sensor is preferably comprised of an array of photoelements, for example a 
high speed line camera with high resolution. 

In order to prevent any interferences and allow application of the apparatus in electromagnetic polluted environ- 
ments, the video signal delivered by the light sensitive sensor is transmitted, if necessary, by way of optical fibers to the 
video receiver incorporated by the vision computer, the optical system forming the real image of the fabric or cloth con- 
10 sisting of a photographic lens device. 

If the width of the fabric or the like is very big or its thickness or complexity very high, the apparatus may comprise 
several sets of optical systems/light sensitive sensors, arranged side by side or situated on opposite sides of the moving 
fabric, cloth or the like. 

The present invention further deals with a stenter machine or a similar construction for the treatment of a textile fab- 
15 ric or the like, characterized in that it incorporates at least one apparatus for determining distortion angles as described 
before, using the aforementioned method, whereby the said at least one apparatus forms the detection control and driv- 
ing device of said stenter machine or similar construction. 

As can be seen, the main application of the method and the apparatus of the present invention is to use the meas- 
urement (skew and bow angles) to make textile straightners automatic. 
20 But other applications are possible, like using the measurement results for continuous textile inspection especially 
in order to be able to detect flaws which are oriented in the weft direction, for instance missing picks or double picks. 

Yarns or picks may also be determined, once the sensor has been calibrated, and textile recognition is possible too. 

This invention will be better understood thanks to the following description, based on preferred embodiments, 
shown and explained, as non limitative examples, by referring to the accompanying schematic drawings, wherein: 

25 

figure 1 is a perspective view of a cloth showing a so-called garland weft distortion type and a monitoring arrange- 
ment of the prior art; 

figure 2 is a perspective view of a cloth which illustrates the method of the invention; 
figure 3 is a block diagram of the apparatus according to the present invention; 
30 figure 4 shows a flow diagram of the processing steps for determining the distortion angles of a textile fabric accord- 
ing to the invention; 

figure 5 is a block diagram of the processing steps of the first embodiment of the method for determining the dis- 
tortion angles of a textile fabric according to the invention; 
figure 6 is a schematic spectrum diagram of a serge weave textile fabric; 
35 figure 7 shows a tile of the image of the textile fabric or cloth with encoded half scan lines with orientation Oi, used 
during the second embodiment of the method according to the invention; 

figure 8 is a block diagram of processing steps according to the second embodiment of the method in order to 
determine the local distortion angle; 

figure 9 shows a signal texture and its envelope using the spatial transformation according to the second embodi- 
40 ment of the method of the invention; 

figure 10 shows a local weft distortion with the corresponding sampled envelope of the texture signal used in the 
second embodiment of the invention; 

figure 1 1 is a block diagram of processing steps in order to determine the picks count or the stitch density according 
to a supplemental feature of the invention; 
45 figure 1 2 shows texture signal before and after filtering, obtained according to the second embodiment of the inven- 
tion, and, 

figure 13 is a block diagram of a stenter machine incorporating an apparatus according to the present invention. 

With reference to figure 1 , the so-called skew distortion angle indicated by ag and bow distortion angle indicated by 
so a£ define commonly parameters measurement of the global distortion of a textile fabric whereas a\ is the local distortion 
angle of the part of the fabric indicated by reference 5. 

In view of a better understanding of the working of the method of the present invention, there is given hereunder a 
short explanation of the theory on which the invention is based. 

Considering I being the background intensity, Al (x, y) its variation at coordinates x, y, the mathematical (potential)j 
55 type flaw representation has been defined: 



4 



1) It 

EP0 741 290 A1 



Cl*h] 



x ,y~ J J n n AKx.y) dx dy 
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70 L,H be respectively lenght and height of flaw of type 

aj be its orientation 

x n ,y n be the coordinates of the flaw j 

Estimation of 
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(numerical computation) is: 
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25 v J = n n n ai 
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30 where Alp ih] be I variation between two adjacent sampling windows of dimensions I, h, sub-multiple of U H (Shan- 

non sense). 

This formulation indicates clearly that flaw detection depends on several parameters, one of which is a that is flaw 
orientation. 

If a is obvious for flaw in end direction, in the weft direction Gtj has to be estimated due to its variability. 
35 Flaws like missing weft, double pick, loomstop, thick place, coarse pick, long filling slub, jerk in and harness balk 
(first and second aspect) are flaws oriented in the weft direction. Thus a specific research had to be made to estimate 
a, that is the so-called skew of the textile material. 

With reference to figure 2, and in accordance with the present invention, an optical system 6 forms a real image of 
the fabric or cloth 1. A light sensitive sensor samples this said image in order to build an effective image 7 of a rectan- 
40 gular area 9 of the textile fabric which moves continuously. Arrow 3 indicates the running direction, which can be 
reversed. 

In one particular embodiment, there has been chosen a standard photographic objective to form the image and a 
high speed line camera with a great number of pixels to sample it, in order to have a sufficient spatial resolution in both 
directions, the horizontal one (perpendicular to the moving or running direction) and the vertical one (parallel to the 
45 moving or running direction). 

It is to be understood that whatever the type of the sensor (line or matrix array) is which may be used, the type 
which has been indicated is merely illustrative of one embodiment of the apparatus of the present invention. Clearly 
matrix cameras equipped with mechanical or electronic high speed shutter may be used to sample the total width of the 
fabric instead of line cameras. 

so Referring now to figure 3, it can be seen that the video signal delivered by the line camera is digitized by the analog- 
digital converter 17 and transmitted by the transmitter or transmission line 18 to the vision computer 20 which incorpo- 
rates a video receiver 22. Such a transmission line 1 8 or transmitter is not necessary when camera 1 6 and vision com- 
puter 20 are combined in the same device. 

The image of a rectangular area of the fabric 9 is then stored in a frame memory 23 shared by a processor unit 24 
55 which performs the digital image transformation and processing. 

A micro-processor 25 is used as controller of all the apparatus functions and a monitor 26 may be used to visualize 
the fabric image and the estimated distortion angles graphically. 

An encoder 19 may be used to maintain a constant resolution in the running direction whatever the running speed 
of the fabric or cloth is. 
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A flow chart of processing steps executed by the processor unit 24 is shown in figure 4. 

The images of successive rectangular areas of the fabric are divided into tiles 10 or so-called regions of interest 
(ROI), as indicated in box 31. 

The tiles 10 are normally regularly distributed across the width of the cloth or fabric and may be adjacent one to 
s another, in order to form together a continuous image of a transverse rectangular area of the cloth or fabric. In this last 
case the fill factor is one and thus optimal. 

But the said tiles may also be irregularly distributed across the width of the cloth or fabric and may be closer 
together, possibly adjacent, in predetermined or dynamically determined transverse positions corresponding to longitu- 
dinal areas of the cloth or fabric where greater or particular distortions are expected. 
10 The dynamically determination or the positions of the tiles allows to concentrate the calculation resources on the 
really distorted areas, which may change, during process, for the same web. 

Concerning the dimensions of the tiles or ROI (in pixels), it is obvious that a compromise is to be found between big 
and small areas of these ROIs. With big ROI, weft texture is more visible leading to a higher ratio signal to noise, while 
small ROI better samples irregular weft distortion like snake form. 
is Once the image is divided into tiles or ROIs, the distortion angle is estimated for each ROI, as indicated in box 32. 

Finally, skew and bow angles are computed as indicated in box 33. 

According to an advantageous feature of the invention, it may be provided that during local angle estimation and 
computing global distortion angles of one rectangularly shaped transverse extending area of the fabric or cloth, the 
image of the following adjacent similar rectangular by shaped area of the cloth or fabric is sampled, digitized and stored. 
20 To further reduce processing time in order to calculate in real time the distortion angles, fast processors may be 
used. In one particular embodiment of the invention, digital signal processors have been used arranged in parallel 
structure. 

The steps of the method described above demonstrate clearly that, instead of using physical local detectors, the 
apparatus implements virtual local detectors, the position, the number and the dimensions of which are fully program- 
as mable, so that a greater adaptability to irregular distortions is performed. Morevoer, greater accuracy may be obtained 
due to the number of virtual detectors which may be implemented. Optimality is reached when the width of the fabric or 
cloth is totally covered by adjacent tiles or regions of interest (ROI), leading to a fill factor equal to one. 

In accordance with the present invention, the digital image processing will now be described the function of which 
is to estimate for each tile or ROI the local distortion angle. 
30 By way of examples, two methods will be described, both involving image processing techniques i.e. image trans- 
formation in order to modellize the weft texture of the textile. 

These modelling techniques give a concise representation of the textile texture which is by nature structural. It 
means that periodicities are existing for such texture, more particularly for the weft texture. 

Figure 5 of the drawings shows a block diagram of the processing steps of a first embodiment of the image trans- 
35 formation and distortion angle computing used in the method according to the invention. 

As indicated in box 35, an image enhancement may be performed to eliminate electronic noise or to enhance the 
weft texture by a line convolution for instance; so that a higher texture signal on noise ratio may be obtained which can 
be necessary for noisy textile textures. As indicated in box 36, it is followed by a spectral transformation. Namely bi- 
dimensional Fourier transform, Hadamard or others may implement this transformation. In one practical embodiment, 
40 bi-dimensional Fourier transform has been used due to the fact that fast Fourier transformation (2D FFT) algorithms are 
available, reducing computation time. 

In figure 6, there is represented schematically a bi-dimensional spectrum diagram of a so-called denim textile. The 
two points indicated by 40 and 40' are the concise representation of the weft texture due to properties of the bi-dimen- 
sional spectral transformation used. 
45 Indeed, the working principle used is the monitoring of the diffraction spectrum of the textile surface (object plane) 
obtained by a Fourier transform (FT) due to the specific properties of FT, namely translation and rotation. 

Thus, if f(x, y) is the image function of F (u.v), its Fourier transform, it is known that: 

f(x-x 0 , y-y 0 ) <--> F(u,v) exp[-j2*(iix 0 +vy 0 )/N). 

so 

Furthermore, in polar coordinates, it is known that: 

f(r,0+a) <---> F(o, <|>+a). 

55 Due to these two properties, FT extracts and separates all the existing textures in an image. 

The angle as indicated by 39 is the local distortion angle <ij that is searched.lt is also noticeable that points 41 and 
41 ' represent the weave effect of the denim texture whereas the noisy information of the image (considered as such) is 
indicated by 42. 

This noise may be eliminated by a simple spatial frequency filter as indicated in box 37. 
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Linking the points 40, 40* and the center 44 of the referential using a line regression, angle Oj may be afterwards 
easily determined as indicated in box 38. 

The second embodiment of the image transformation and distortion angle computing is based on a spatial trans- 
formation. 

5 The basic idea of this second embodiment is to extract the spatial position of the weft texture using a line detector. 
It is based upon integration of the grey levels along some half scan lines with different orientations within an angular 
region. 

To illustrate this second embodiment, figure 7 shows a tile 10 or ROI materialized by a matrix of pixels, one of which 
is indicated by reference 45. 

w Within the angular region indicated by y, half scan lines are generated and encoded, this for each degree angle. As 
examples, reference 46 indicates two half scan lines with orientation 6i encoded as indicated by reference 47. 

The grey levels of all the pixels which are located on the said encoded lines are summed, the sum being finally 
divided by the total number of pixels contained within each of said lines, in order to get thus the corresponding average 
grey level of each scan line. This approach is an adaptation of the well known Hough transformation. 
75 It must be noted here that the value of y and the position of y relative to axis, are programmable which is an advan- 
tage to the existing mechanical oscillating systems the scanning angle of which is limited. 

A so-called "texture" signal is obtained for each 6i if several adjacent half scan lines with orientation 0i are gener- 
ated and encoded. 

Figure 8 of the drawings shows a block diagram of the processing steps performed by processor unit 24 when work- 
20 ing of this second embodiment of the method according to the invention. 

With reference to figure 9, a texture signal (output of box 51) is to be seen as indicated by signal A obtained by 8 
orientations as indicated by the 9 axis.The envelope (and/or the variance) of the signal A is of particular importance. 
The maximum of amplitude indicated by reference 55 gives the spatial position of the weft texture. 

As we deal with digital technique, the envelope is obtained and sampled with low pass digital filters as indicated by 
25 box 52. 

Once the sampled envelope 56 is obtained, the determination of the barycenter (box 53) on the 0 axis gives the 
position of the weft texture as indicated by reference 57, i.e. the local distortion angle is thus determined. 

Image pre-processing (box 50 on figure 8) may be used to enhance preferably line texture. In one practical embod- 
iment of the invention, line convolution has been used. Laplacian, high pass spatial frequency filter or the like may also 
30 be used. 

Figure 10 shows a cloth 1 on which a rectangular area 9 has been divided into adjacent tiles or regions of interest 
as indicated by RO1 1 , ROI 2, ROI 3, ROI 4 and ROI 5 for the first, while the last ROI is indicated by 61 . 

Figure 10 shows also a local regular weft distortion 60 and the corresponding representation given by the sampled 
envelopes of the texture signals on which the local textile distortion angles are computed by their barycenter position 
35 on a axis. Once all the tiles ROIs have been processed, the distortion angles of the fabric may be thus estimated with 
a fill factor equal to one, which is in this case optimal. 

According to a supplemental feature of the invention, stitch density or picks count may also be determined by the 
apparatus 

As an example therefore, figure 1 1 shows the block diagram of the processing steps which may be performed by 
40 processor unit 24. to reach this result. 

The texture signal is filtered by a high pass digital filter (box 67) followed by a periodicities counter (box 68). 

Figure 1 2 of the accompanying drawings gives examples of texture signals 70 at the output of box 66 which is the 
spatial image transformation described above, while reference 71 shows the filtered texture signal which is the output 
of box 67 (figure 11). 

45 The position of the weft texture (0=4 in out above example) being determined either with the spectral or the spatial 
transformation (box 69), the number of picks per length unit may be determined by counting the number of periods 
included in the weft texture signal indicated by reference 72, once the camera or the corresponding array of photoele- 
ments has been calibrated. In a preferred embodiment, a contrast enhancement has been implemented for the pre- 
processing function (box 65 in figure 1 1). 

so It has been described that using spectral and/or spatial image transformations, weft texture can be represented in 
a concise manner in order to determinate the local distortion angle. It is of course possible to combine both methods to 
increase the texture signal on noise ratio. Clearly illimited number of combinations can be found without departing from 
the spirit and scope of the invention. 

All image processing used in the present invention can be programmed by a skilled person in the programming art, 

55 so that an explicit program will not be described herein. 

Within the scope and the working of the present invention, the measurement of the distortion angles may use either 
reflection mode (camera and light are on the same side) or light transmission mode (camera and light source are on 
opposite sides of the fabrics). 
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Furthermore, different light sources, preferably long life sources, may be used with corresponding type of light driv- 
ers which have to be used to eliminate the flicker effect. Standard fluorescent tubes, for instance, may be driven with 
high frequency electromagnetic field. 

Halogen lamps may be also used. However, if the running speed is high, a direct current driver can be used. 
5 Arc lamps may be driven either with direct current or high frequency driver. 

The method and apparatus described herein before are advantageously used in association with automatic textile 
straighteners, but also in material identification or in connection with towelling or printed material measurement or rec- 
ognition. 

The main advantages of the method and the apparatus of the invention are listed herein after: 

TO 

- Software heads 

At date, several heads (physical ones) are positionned across the textile. According to the method of the invention, 
virtual heads can be implemented by the provision of tiles or ROI (region of interest), thereby giving high flexibility. 

15 

-Greater accuracy 

At date, 4 heads are generally used for 1 600 mm width. Using the cutting up into ROI, the number of heads can be 
virtually doubled (i.e. tripled..) so that accuracy of skew estimation is greater, especially for complex distortions like 
20 wave distortions. 

- Bi-dimensional processing 

At date, due to the detector based on photo cell, mono-dimensional signal processing can only be used to increase 
25 ratio Signal/Noise. For complex textile texture, skew determination becomes "extraction of not known signal in noise" 
which is not solved when ratio signal/noise is too low. Due to image processing according to the invention (bi-dimen- 
sional character), much higher performances are possible. 

- Pattern recognition technique 

30 

For difficult cases (complex textile texture), the method of the invention can be implemented. After a learning 
phase, skew determination can be then performed, by ignoring the wanted texture or weft local modifications. 

- No angle limitation 

35 

At date, each head detector uses a scanning slit (optical correlator). The angle of scanning is limitated (about 30°). 
Using the cutting up into ROI, angle limitation disappears, so that big distortions can be detected by the apparatus. 

- Static detector 

40 

At date, each head has a motor (generally a step motor) so that mechanical means are needed with wearing parts. 
Moreover, motor gives noise in the signal detection (EMI); by using a camera, the detector is static and no mechanism 
is required. 

The present invention also includes a new stenter machine or construction, as represented on figure 13 of the 
45 accompanying drawings, which incorporates at least one apparatus for continuous determining of the distortion angles 
of a moving textile fabric or cloth, this apparatus possibly incorporating several sets image forming means light sensitive 
sensor. 

. As can be seen on figure 13, the stenter machine is preceded by a straightner device 83 and followed by a cutting 
machine 88 and a rolling machine 89 and is mainly comprised of an input stenter roller 86, an output stenter roller 84 
so and two lateral clips 85 (pins). 

The apparatus for determining the distortion angles and allowing yarns-counting is composed of a central vision 
computer 90, a first sensor/camera 81 to acquire the image of the textile fabric at the entrance of the stenter, a second 
sensor/camera 82 to acquire the image of the textile fabric at the exit of the stenter and transmission cables 87. 
Among the main different functions which may be realised by this stenter machine, one can notice the followings: 

55 

automatic skew and bow correction at the input by using items 81 and 83; 
• automatic bow correction at the output by using items 82 and 84; 
automatic skew correction at the output by using items 82 and 85; 
yarns-count (stitch density) at the input by using item 81 ; 
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yarns-count (stitch density) at the output by using item 82; 

determination of shrinkage by using items 81 and 82 together; 

automatic shrinkage adjustment by using items 81 , 82 and 86; 

width determination by using item 82; 
5 estimation of weight pro linear meter by using item 82; 

automatic controlled cutting (knitted fabrics, toweling) by using items 82 and 88; 

forming and visualisation of real image of material by using items 81 and 82; 

output stenter control by using item 82; 

skew report; 
w - material identification. 

The present invention is, of course, not limited to the preferred embodiments described herein before and repre- 
sented on the accompanying drawings, changes can be made or equivalents used without departing from the scope of 
the invention. 

15 

Claims 

1 . Method for determining the distortion angles of a moving textile, fabric, cloth or the like, characterized in that it con- 
sists of forming a real image of the textile, fabric or cloth, illuminated by at least one light source, sampling the said 

20 image to form images of successive rectangular shaped areas, transverse to the moving direction of the textile fab- 
ric, cloth or the like digitizing and storing the corresponding image signals, dividing the said images into rectangular 
shaped tiles, performing then weft texture modelling and local distortion angles estimation by way of a bi-dimen- 
sional image transformation of at feast part of the aforesaid tiles and determining the global distortion angles of the 
textile fabric by weighting the local distortion angles estimated for each said tile taken into account. 

25 

2. Method according to claim 1 , wherein the said tiles are regularly distributed over the whole width of the textile fabric. 

3. Method according to any one of claims 1 and 2, wherein the said tiles are adjacent one to another, and form 
together a continuous image of a transverse rectangular area of the cloth or fabric or the like. 

30 

4. Method according to claim 1 , wherein the said tiles are irregularly distributed across the width of the cloth, fabric or 
the like and are closer together, possibly adjacent, in predetermined or dynamically determined transverse posi- 
tions corresponding to longitudinal areas of the cloth or fabric where greater or particular distortions are expected. 

35 5. Method according to any one of claims 1 to 4, wherein an image enhancement is performed prior to texture mod- 
elling, in form of a line convolution, a Laplacian or high pass spatial frequency filtering. 

6. Method according to any one of claims 1 to 5, wherein during local angle estimation and computing global distortion 
angles of one rectangular shaped transverse extending area of the fabric or cloth, the image of the following adja- 

40 cent similar rectangular shaped area of the cloth or fabric is sampled, digitized and stored. 

7. Method according to any of claims 1 to 6, wherein the used image transformation, for each tile, consists of a spec- 
tral transformation, the local distortion angles being estimated by a regression of first order, possibly after a spatial 
frequency filtering. 

45 

8. Method according to claim 7, wherein, after a possible image enhancement processing, a bi-dimensional power 
spectrum by ways of a bi-dimensional spectral transformation is obtained and the points representing the weft tex- 
ture are linked to the center of the referential using line regression, in order to define the local distortion angle. 

so 9. Method according to any one of claims 7 and 8, wherein the bi-dimensional transformation is a bi-dimensional Fou- 
rier transform. 

10. Method according to any one of claims 1 to 6, wherein the used image transformation, for each tile, consists of a 
spatial polar transformation, the local distortion angles being estimated in the spatial polar domain by a maximum 

55 or barycenter computation, preferably after cascade frequency filtering. 

1 1 . Method according to claim 1 0, wherein, after a possible image enhancement processing, the spatial position of the 
weft structure, in each tile, is extracted using a line detector, by integrating the grey levels along half scan lines with 
different orientations (6i) within an angular region whose angle is (y), and then forming a texture signal consisting 
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of the different average grey levels for each orientation (6i) and defining the envelope and/or the variance of this 
signal together with the corresponding maximum or barycenter which indicates the position of the weft texture on 
the considered tile. 

s 12. Method according to claim 11, wherein the integration of the aforesaid grey levels and the forming of the texture 
signal is worked out using an adapted Hough transformation. 

13. Method according to any one of claims 1 1 and 12, wherein the envelope of the texture signal is sampled using a 
differential low pass digital filter, before determining the barycenter by computation in the spectral domain. 

10 

14. Method according to any one of claims 10 to 13, wherein a counting of the maxima across the whole width of the 
fabric or cloth or comprised within a predetermined transverse length, is performed, for instance by filtering the tex- 
ture signal by a high pass digital filter and then passing the filtered signal through a period counter. 

is 1 5. Method according to any one of claims 1 to 1 4, wherein a constant resolution is maintained in the running direction 
of the textile fabric or cloth, indepedently of the speed of movement of the latter, by using a length or space meas- 
uring encoder. 

1 6. Apparatus for the working of the method according to any one of claims 1 to 1 5, mainly comprised of lighting means 
20 to illuminate the textile fabric or the like, at least one optical system which forms, each, an image of the textile fabric 

or the like, at least one light sensitive sensor to sample the said image(s) and to form images of successive trans- 
verse rectangular areas of said textile fabric or the like, an analog-to-digital converter for digitizing the output sig- 
nals of said light sensitive sensor(s) and a vision computer or the like, equiped with a frame memory in which the 
digitized image is stored and processed by a processor unit. 

25 

17. Apparatus according to claim 16, wherein the vision computer incorporates digital signal processors, preferably 
arranged in parallel structure. 

18. Apparatus according to any one of claims 16 and 17, wherein the light sensitive sensor is comprised of an array of 
so photoelements, for example a high speed line camera with high resolution. 

19. Apparatus according to any one of claims 16 to 18, wherein the video signal delivered by the light sensitive sensor 
is transmitted by way of optical fibers to the video receiver incorporated by the vision computer, the optical system 
forming the real image of the fabric or cloth consisting of a photographic lens device. 

35 

20. Apparatus according to any one of claims 16 to 19, wherein it comprises several sets of optical systems/light sen- 
sitive sensors, arranged side by side or situated on opposite sides of the moving fabric, cloth or the like. 

21. Sterrter machine or similar construction for the treatment of a textile fabric or the like, characterized in that it incor- 
40 porates an apparatus for determining distortion angles according to any one of claims 1 6 to 1 9, forming the detec- 
tion, control and driving device of said stenter machine or similar construction for the treatment of a textile fabric or 
the like. 
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